The mitochondrial-encoded subunits of respiratory complex I (NADH:ubiquinone oxidoreductase): identifying residues important in mechanism and disease.
Complex I (NADH:ubiquinone oxidoreductase) is crucial to respiration in many aerobic organisms. The hydrophilic domain of complex I, containing nine or more redox cofactors, and comprising seven conserved core subunits, protrudes into the mitochondrial matrix or bacterial cytoplasm. The α-helical membrane-bound hydrophobic domain contains a further seven core subunits that are mitochondrial-encoded in eukaryotes and named the ND subunits (ND1-ND6 and ND4L). Complex I couples the oxidation of NADH in the hydrophilic domain to ubiquinone reduction and proton translocation in the hydrophobic domain. Although the mechanisms of NADH oxidation and intramolecular electron transfer are increasingly well understood, the mechanisms of ubiquinone reduction and proton translocation remain only poorly defined. Recently, an α-helical model of the hydrophobic domain of bacterial complex I [Efremov, Baradaran and Sazanov (2010) Nature 465, 441-447] revealed how the 63 transmembrane helices of the seven core subunits are arranged, and thus laid a foundation for the interpretation of functional data and the formulation of mechanistic proposals. In the present paper, we aim to correlate information from sequence analyses, site-directed mutagenesis studies and mutations that have been linked to human diseases, with information from the recent structural model. Thus we aim to identify and discuss residues in the ND subunits of mammalian complex I which are important in catalysis and for maintaining the enzyme's structural and functional integrity.